Bovine mastitis is considered a major disease of dairy cattle and a potential threat to humans as well. In addition, it is the cause of severe economical losses to dairy-producers and industries. Its main bacterial infectious agent is Staphylococcus sp., which commonly acquires resistance to the antibiotics and disinfectants used for this illness. Aiming to assess the in vitro sensitivity of Staphylococcus spp. isolates to antibiotics and disinfectants, 45 bacteria strains were tested against 14 antimicrobial agents and 3 disinfectants (chlorine, chlorhexidine and iodine). Results revealed that, among the 14 tested antimicrobials, vancomycin, bacitracin and trimethoprim-sulphamethoxazole were the most effective. Concerning in vitro disinfectant performance, the best results were obtained with chlorhexidine and iodine. These results suggest the need for periodic testing of in vitro sensitivity to antimicrobial drugs and evaluation of disinfectants commonly used in dairy farms in the Island of São Luis (State of Maranhão, Brazil), aiming to improve the efficacy of bovine mastitis prevention programs.
A mong the several diseases affecting the milk quality, mastitis is considered the most frequent and burdensome for world dairy production (DeGraves & Fetrow 1993) . Setbacks include decrease of dairy production below 50% and of nutritional quality, expensive treatment procedures and cow mortality. Changes in milk composition due to bovine mastitis cause reduction of industrial yielding, as well as low quality and decreased storage shelf-life of dairy products (Schroeder 1997 , Barbano 2004 ). In addition, prolonged animal suffering may arise from severe clinical symptoms and manifestations, including disseminated intravascular coagulation, which may lead to ischemia, multi-organ failure and bleeding (Ismail & Dickinson 2010) . Epidemiological studies show that the most prevalent etiological agents of bovine mastitis, both in clinical and subclinical cases of the disease, belong to the Staphylococcus genus, being Staphylococcus aureus the most threatening species for dairy industry (Zschöck et al. 2000) . Like many other bacterial pathogens, S. aureus exists, in infected animals, in the form of thin biofilms. Resulting infections are typically chronic and difficult to treat (Mah & O'Toole 2001) . A well-succeeded mastitis control program crucially depends on efficient diagnosis and treatment of the mammary infection, especially for sub-clinical mastitis (Zecconi 2006 (Erskine et al. 1993 ). However, inappropriate use of antimicrobials for mastitis treatment has contributed for the sudden of resistant bacterial strains, which poses a serious risk to animal and human health as well (Freitas et al. 2005) . Among preventive measures, chemical disinfection must be highlighted. The ideal disinfectant must accomplish for several criteria, including water solubility, germicide ability, non-toxicity and costeffectiveness, among others (Kennedy et al. 2005) . Some authors consider antiseptic pre-milking very efficient towards prevention of new infections. Although germicidal teat antiseptics after milking can kill many bacteria, the antibacterial properties of the germicides rapidly diminish after contact with teat skin and milk (Hogan & Smith 2003) . The choice of both the treating drug and of the disinfecting solution for mastitis prevention is considered crucial, on the basis of the knowledge of the sensitivity profile of isolated bacterial strains towards antibiotics and disinfectants. As a consequence, the present work aimed to assess the in vitro sensitivity pattern of Staphylococcus sp. isolates regarding a panel of antimicrobials and disinfectants commonly used to combat bovine mastitis.
Materials and Methods
Clinical specimens were collected from 14 low-and mediumsized dairy farms in the Brazilian counties of São José de Ribamar, Paço do Lumiar, Raposa and São Luís (State of Maranhão). For detection of bovine clinical mastitis, clinical examination of the mammary glands of lactating cows and visualization of anomalous flakes and clots in fresh milk were carried out. Sub-clinical mastitis was also evaluated, through the California Mastitis Test (CMT). After teats washing and disinfection with 70% ethanol, 10 mL of each positive-tested sample (for, at least, one of tests) were aseptically collected in sterile flasks. These flasks were then labeled and shipped, within isothermal containers, to the Laboratory of Food Microbiology of UEMA for further analysis. In the laboratory, 10 μL aliquots of milk were cultivated in 5% sheep blood-agar plates, incubated into a bacteriological stove at 37ºC and collected for analysis after 24 h, 48 h and 72 h. Such analysis comprised: a) evaluation of the morphological characteristics of the colonies (aspect, size, color and hemolytic pattern); b) microscopic observation of microbial cells (form, arrangement and color); c) biochemical tests (production of catalase, bile esculin and 6.5% NaCl). Colonies with suspected presence of Staphylococcus sp. were then cultivated in trypticase soy agar (TSA), incubated at 37ºC for 24 h and stocked under refrigeration. Afterwards, those isolates were submitted to additional biochemical tests, including the production of free coagulase, DNase and acetoin, and the fermentation of glucose (in anaerobiosis) and of manitol (in aerobiosis and anaerobiosis) (Mac Faddin 1980 , Silva et al. 1997 . Upon testing, isolates were classified as Staphylococcus aureus, coagulase-positive Staphylococcus and coagulase-negative Staphylococcus, according to the literature (Baird-Parker 1990). Fifteen isolates of each group were then exposed to a panel of 14 antimicrobials and their sensitivity profiles assessed through the disc-diffusion method (Bauer et al. 1966) . Accordingly, the isolates were cultivated in brain-heart infusion (BHI) and incubated in the bacteriological stove, at 37ºC, for 4-6 hours. After growing, the inoculum was cultivated in Petri dishes containing Muller-Hinton agar (MH), by using sterilized swabs. Afterwards, with the aid of sterilized pincers, antimicrobialimpregnated discs were deposited on the dish and slightly squeezed over the surface of the culture medium; a distance of about 3 mm between each disc was maintained. Dishes were further incubated in the stove, at 37ºC, for 18 h, after which measurement of the inhibition halos was undertaken with a proper squad. Results were interpreted in accordance with the limits established on the NCCLS table (National Committee for Clinical Laboratory Standards 2000).
The 45 strains were also tested against three commercially available disinfectants: 0.57% iodine, 2% chlorhexidine and 2.5% chlorine. The same active substances were used on both the pre-and postdipping stages by dairy farmers. Homogeneous bacterial suspensions were prepared in BHI, and 1.2 mL aliquots were inoculated with 0.8 mL of disinfectant solutions, diluted in 0.2 ml of milk. The sensitivity pattern towards each disinfectant was then determined for different exposure periods (15, 30, 60 and 300 seconds). Afterwards, inocula were transferred to BHI-containing tubes, for incu- www.jbscience.org DOI: 10.5780/jbm2012.5 | Page 3 Article bation at 37ºC for 24 h. According to the literature (Costa et al. 1998 ), a positive sample is considered that exhibiting medium turbidity and formation of a surface thin skin or of a precipitate, in the bottom of the tubes.
Results and Discussions
Table 1 displays the sensitivity pattern of the three Staphylococcus groups towards a panel of selected antimicrobials. Results show that 67% of the antimicrobials tested against coagulase-positive Staphylococcus exhibited high sensitivity to oxaciclin, gentamicin and norfloxacin, 93% to bacitracin and sulfamethoxazoletrimethoprim, and 100% to vancomicin. In parallel, 93% of the samples exhibited resistance to ampicillin, 87% to amoxicillin, 80% to penicillin, 67% to lincomicin and 60% to tatraciclin. Results for ampicillin corroborate those in the literature (Freitas et al. 2005) , where a study with coagulase-positive Staphylococcus showed 75% of resistance. These high resistance levels raise a serious concern, since many antimicrobials may not have the desired effect when used for treatment of bovine cattle. For coagulase-negative Staphylococcus, a sensitivity of 67% to erythromycin, enrofloxacin, gentamicin, norfloxacin and oxacillin, 87% to bacitracin, 80% to sulphamethoxazole-trimethoprim and 100% to vancomicin were obtained. Meanwhile, resistances of 87% to streptomycin, ampicillin and amoxicillin, and of 93% to penicillin, were also found, suggesting that, unlike the formers, these must be discarded for treatment of mastitis caused by coagulase-negative Staphylococcus. Concerning the strains of S. aureus, 100% were sensitive to norfloxacin, sulphamethoxazole-trimethoprim and gentamicin, 93% to bacitracin, enrofloxacin and vancomicin, 87% to streptomycin and oxacillin, 80% to tetraciclin and 60% to erythromycin. The result for gentamicin was similar to the one of 99% reported in the literature (Nader Filho et al. 2007) . Gentamicin is already known for being one the most efficient antibiotics for treatment of bacteriumborne bovine mastitis (Olson et al. 2002) . On the other hand, ampicillin, amoxicillin and penicillin should not be indicated in cases of infection by S. aureus, for being 100% resistant. During the period of sample collecting in the farms, it was observed that, in 80% of them, large-spectrum antibiotics were routinely used, which could have influenced these high-level resistances. Such resistances
Amoxicillin (10 mg www.jbscience.org DOI: 10.5780/jbm2012.5 | Page 4 may also be associated to indiscriminate use of these products without supervision of a veterinary professional, and/or by the β-lactamic nature of the antibiotics, which makes them amenable for inactivation by the β-lactamase enzyme, present in some Staphylococcus strains.
It is known that disinfectants efficacy depends on their concentration and time of exposure (Bessems 1998) . Figure 1 shows the relative sensitivities of Staphylococcus isolates obtained for each one of the tested commercial disinfectants, at different exposure periods. It can be observed that, among the 45 tested strains, 93% and 98% were sensitive to 0.57% iodine in times 15 seconds and 30 seconds (respectively), while 100% were sensitive at 60 seconds and at 300 seconds. These results may be due to the germicide character of this product, as well as to its excellent chemical stability. It should be emphasized that iodine solutions must be used in low concentrations (up to 0.5%) for teats immersion, since 1% iodine solutions may be responsible for the presence of iodine traces in the milk (Jones 1998) . Regarding 2% chlorhexidine, 98% of the 45 tested strains showed to be highly sensitive to this product during the overall time interval tested. This result is in agreement with the well-known cumulative and continuous effect of chlorhexidine in the skin (Medeiros et al. 2009 ). Moreover, and unlike many other disinfectants (Pankey et al. 1984) , the efficacy of chlorhexidine is not affected by the presence of organic matter, dirty or urine (Medeiros et al. 2009 ). Similar results had been previously observed in a work with etiological microorganisms of contagious mastitis, for both 1% and 2% iodine, and for chlorhexidine (Pedrini & Margatho 2003) . For 2.5% chlorine, in accordance with Figure 1 , the exposure time is a major limiting factor for its efficacy. Taking also into account that chlorine is highly reactive towards organic materials -partially neutralizing its microbicide action -, careful employment of this product during pre-and post-dipping must be undertaken. Our study revealed a reduced antimicrobial effect of 2.5% chlorine, in opposition to the results of the above mentioned study, where excellent efficacy of 2% sodium hypochlorite was reported. These results may be explained by the low storage stability of chlorine-based disinfectants, to the presence of interfering organic materials and to enhanced resistance of the more prevalent microorganisms.
Conclusion
Taking into consideration the results obtained herein, it may be concluded that the antimicrobials vancomicin, bacitracin, sulphamethoxazole-trimethoprim and gentamicin should be preferred for the treatment of mastitis caused by all studied bacteria groups (coagulase-negative Staphylococcus, coagulase-positive Staphylococcus and S. aureus). In addition, 0.57% iodine and 2% chlorhexidine are the most effective disinfectants in vitro. In general, the choice of the disinfectant in dairy farms is based on easiness-to-use and price, and thus chlorine-based solutions are elected too often. However, given the peculiarities above mentioned for optimal usage and the sudden of resistance effects, there is an urgent need for carrying out periodical in vitro sensitivity tests to the antimicrobials and disinfectants currently employed in dairy farms, at least on a regional basis. It is known that, very often, antibiotics effective in vitro against particular microorganisms may not be as effective in vivo. Nonetheless, in vitro sensitivity tests remain the best approach to assess potential germicide activity of antimicrobials.
